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Abstract: Structural elements of overhead power transmission lines are experiencing both 

horizontal and vertical loads. Wires and cables are elements of the overhead power line, on which 

changes in mechanical loads are observed to a greater degree. This occurs due to the change in 

the tension force of the wire/cable depending on the temperature and the formation of icy-rime 

deposits on it, as well as fluctuations in wind gusts. The article describes the most common 

systems and methods for determining the mechanical loads on an overhead power transmission 

line. A method is proposed for calculating the mechanical loads on an overhead transmission line 

based on mathematical models of a flexible wire, rope and a model for determining ice deposits on 

wires, taking into account the rotation of the wire/cable around its axis. A comparison of the 

improved inclinometry method with the method developed earlier for the case of formation of ice 

deposits on the S-50 cable has been carried out. A comparison was made on the error in 

determining the tension of the S-50 ground-wire protection cable using the method developed to 

control the mechanical parameters of overhead power lines, which takes into account the 

wire/cable rotation around its axis and the method for determining icy-rime deposits developed 

earlier. The developed method allows determining the elongation of the wire/cable in the span 

with one anchor support, as well as the strength of its tension with greater accuracy. However, 

additional clarification is required due to the influence of the wind, the formation of icy-rime 

deposits of various shapes, as well as the structural limitations of the wire/cable rotation when 

attaching it to the support. 
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Резюме: Конструктивные элементы воздушных линий электропередачи испытывают как 

горизонтальные, так и вертикальные нагрузки. Провода и тросы являются элементами 

воздушной линии, на которых в большей степени наблюдаются изменения механических 

нагрузок ввиду изменения силы натяжения провода/троса в зависимости от температуры 

и образования на нѐм гололѐдно-изморозевых отложений, а также колебаний от порывов 

ветра.В статье описаны наиболее распространенные системы и методики определения 

механических нагрузок на воздушной линии электропередачи. Предлагается методика 

расчѐта механических нагрузок на воздушной линии электропередачина основе 

математических моделей гибкой нити, каната и модели определения гололѐдных 

отложений на проводах/тросах, учитывающая вращение провода/троса вокруг своей 

оси.Проведено сравнение улучшенного инклинометрического метода с методом, 

разработанным ранее для случая образования гололѐдных отложений на тросе С-50. 

Оценены погрешности при определении силы тяжения грозозащитного троса С-

50предлагаемой методикой контроля механических параметров воздушных линий 

электропередачи, учитывающей вращение провода/троса вокруг своей оси, и методикой 

определения гололѐдно-изморозевых отложений, разработанной ранее. Разработанная 

методика позволяет определить удлинение провода/троса в пролѐте с одной анкерной 

опорой, а также силу его тяжения с большей точностью, однако требует 

дополнительного уточнения, связанного с влиянием ветра, образованием гололѐдно-

изморозевых отложений различной формы, а также конструктивными ограничениями 

вращения провода/троса при креплении его к опоре. 

 

Ключевые слова: воздушная линия электропередачи, мониторинг воздушных 

линий,механические нагрузки, вращение провода, вращение грозозащитного троса, 

гололедно-изморозевые отложения, гололед. 

 

 

Introduction 

Electrical energy is transferred from power plants or substations to the consumer via power 

lines (mainly overhead), which are part of the electrical system. An overhead power line is a 

device for transmitting electrical energy through wires located in the open air and secured with 

insulators and linear fittings to the supports. In addition, lightning protection cables are also used 

on overhead lines. 

The length of overhead power lines in the Russian Federation is over 2.8 million km. The 

power grid is rapidly becoming obsolete. The level of equipment wear reaches 70% [1]. At the 

same time, due to the increase in electricity consumption and the commissioning of new sections 

of overhead power lines, the need for a full-fledged survey to prevent emergency situations 

increases. 

All elements of overhead power lines experience mechanical stress and can be damaged if 

their mechanical strength limit is exceeded. 

Structural elements of overhead power lines experience both horizontal (for example, 

mechanical stresses in a stretched wire/cable) and vertical loads (for example, from its own weight 
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or the weight of the wire/cable). Wires and cables are elements of the overhead line on which 

changes in mechanical loads are observed to a greater degree due to changes in the tension of the 

wire/cable depending on temperature and the formation of icy-rime deposits on it [2], as well as 

fluctuations from wind gusts. The main mechanical stresses in the wire/cable of the overhead line 

are associated with its extension. With an increase in the tensile strength of the wire or rods (cores) 

of which it is made, its tension also increases. 

Exceeding the tensile strength of an overhead power line element can lead to its damage: 

wire/cable breakage, failure or breakdown of the insulator, interphase short circuit due to wire 

“dancing” and others. 

Mechanical overload of a power line structural element can occur due to the appearance of 

icy-rime deposits (IRD), the development of fatigue of the air power transmission line structural 

element, errors in the construction of the line, as well as repair and restoration work. Among the 

listed reasons, the appearance of IRD is accompanied by the most serious consequences. 

Therefore, in the future, this problem will catch special attention. 

According to the map of ice loads, the Republic of Tatarstan belongs mainly to the second 

risk group (the normative ice wall thickness on a wire/cable is at least 15 mm). However, the 

Bugulminsky district, for example, belongs to the fourth, most dangerous group (the normative ice 

wall thickness on the wire/cable is at least 25 mm). Problems with ice formation were also 

detected in Leninogorsk, Nurlat and Almetyevsk regions. The number of temperature transitions 

through 0 °C increased, which led to an increase in the probability of ice formation, since icy-rime 

deposits on the wires/cables of power lines are formed when supercooled drops of rain, drizzle or 

fog freeze at temperatures from 0 °C and below [3]. During a relatively mild winter, with a sharp 

difference in ambient temperature from positive to negative, drops of water settle on the 

wires/cables and an avalanche-like process of formation of a thick ice crust begins, reaching a 

thickness of several tens of millimeters, which significantly increase weights of wires/cables.  

Deposits of ice, rime and wet snow pose a great danger to the normal operation of overhead 

transmission lines (OTL). They can cause: a) misalignment of wires and cables and their 

reprochеment with each other; b) reprochеment of wires and cables during a jump due to non-

simultaneous discharge of ice; c) intense dancing, causing short circuits between wires and 

between wires and cables, burns of wires and cables, and in some cases damage to linear fittings 

and fixtures; d) a significant overload of wires and cables and their breaks; e) destruction of 

supports as a result of breakage of wires and cables during overloading from ice, when unbalanced 

loads on supports from remaining whole wires and cables significantly exceed the calculated ones, 

as well as when ice is combined with strong wind; f) overlap of the linear insulation of overhead 

lines during ice melting, due to a significant decrease in the ice discharge characteristics of 

insulators as compared to moisture discharge characteristics, which usually select the required 

level of linear insulation [2]. 

Thus, it is necessary to accurately localize a site or defect that is problematic with ice, since 

it is often difficult to travel along overhead lines (deep snowdrifts; natural barriers, i.e. marshy 

terrain; relief, etc.), and the speed of preventing/eliminating an emergency directly related to the 

losses incurred. 

1.  Overview of existing methods and means of determining mechanical loads on an 

overhead power line 

Wires and cables suspended to the supports of an overhead power line are constantly 

exposed to a vertical load from its own weight, evenly distributed along the length of the line. In 

addition, other loads can affect them: vertical from ice and horizontal from wind. Therefore, the 

task of determining mechanical loads on an overhead power line from a practical point of view is 

inextricably linked with the determination of ice-wind loads. Therefore, it is necessary to consider 

the methods for identifying and monitoring these types of loads. 

The following systems based on stationary devices are used to monitor the state of 

overhead lines: CAT-1 (USA) [4], DiLin (RF) [5], Astrose (Germany) [6], LINDSEY (USA) [7], 

etc. 



Проблемы энергетики, 2019, том 21, № 3 

163 

The CAT-1 system monitors weather conditions and mechanical loads at the points of wire 

suspension to the support. The system is quite simple, but due to the patented analysis algorithms 

it is possible to determine such OTL parameters as: sag arrow, presence of IRD. The main 

disadvantage of this system is the use of strain gauges mounted on the traverse of the supports, 

which complicates the installation of the CAT-1 system [8]. 

The operation of the DiLin system (RF) [9] is based on the frequency method [10,11] for 

controlling ice formation on overhead lines. Monitoring the presence of icy-rime deposits on 

overhead line wires is determined by the change in the speed of the electromagnetic field wave 

along the power line wire. The appearance of ice on the wires is equivalent to the appearance of a 

large number of short-circuited circuits covering the linear wire in the icing zone. With an increase 

in the icing zone of wires and the thickness of the ice layer, the influence of these "active - 

inductive" circuits also increases. This, in turn, leads to an increase in the wave impedance of the 

overhead line. The active component of the resistance of icy contours leads to an increase in the 

attenuation of the amplitude of high-frequency signals moving along the line. The reactive 

resistance of the ice contours slows down the speed of the electromagnetic field wave along the 

line wires. However, this method has several disadvantages: a high error in the localization of 

defect sites (up to kilometers); increased influence of connections to the overhead line and 

environmental factors (the internal resistance of the line changes, which affects the reflected 

signals) [10]. 

The LINDSEY (USA) [7] and Astrose (Germany) [6] systems have proven themselves best 

of the systems for monitoring the state of overhead lines by indirect methods. They include a tilt 

angle sensor, a temperature sensor and a current sensor, which allows determining the mechanical 

loads and parameters of the overhead line [11]. LINDSEY and Astrose are very informative and 

form a self-organizing wireless data network. However, these systems have a number of 

drawbacks: the mathematical model does not allow tracking the icing process, does not take into 

account the hauling of the wire between adjacent spans, as well as the change in the overhead line 

geometry depending on the wire temperature [8]. 

Thus, two methods are mainly used to calculate the mechanical loads of overhead power 

lines: direct determination (using tensometric sensors) or indirect (inclinometry methods, which 

are based on the angle of the wire). 

2. Improved inclinometry method for determining mechanical loads on an overhead 

power line 

The most promising method for determining mechanical loads on a wire/cable is the 

inclinometry method based on measuring the angle of inclination of various objects relative to the 

gravitational field of the earth. As a verification method, a technique is being developed to 

determine the mechanical loads on a wire/cable depending on the angle of its rotation around its 

axis. In this case, the monitoring device should be installed in close proximity to the point of 

suspension of the wire/cable to the string of insulators on the anchor support (for example, 1 meter 

from the point of suspension of the wire/cable). This is possible due to the fact that when the 

wire/cable is stretched, its rotation around its axis is observed, which allows obtaining additional 

information, and therefore to improve the existing inclinometry method for determining the 

tension of the wire/cable from its angle of inclination. 

The spiral shape that is attached to the wire when twisting a high-voltage wire/cable is 

subsequently maintained due to residual strains obtained by twisting. Stresses that occur in the 

wire during twisting are mainly driven by bending and torsion. If the stresses are within the elastic 

range, then the wire after the termination of the impact from external forces will restore its original 

direct shape. In fact, when twisting a wire/cable, its rods always get residual deformations [12]. 

Due to the presence of mechanical deformations during tension of the wire/cable, its 

rotation around its axis is observed, which allows obtaining additional information about the 

behavior of the wire/cable on the overhead power line and consider it not within a single span, but 

as a whole interconnected section with the redistribution of mechanical loads between spans. 
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The methodology for calculating mechanical loads on an overhead power line using the 

improved inclinometry method includes two stages: 1) the calibration stage; 2) the IRD calculation 

stage. 

2.1. The calibration stage 

In the absence of IRD, when calculating the length of an unstretched wire/cable, we use the 

theory of ideal cable (thread) to determine the unknown parameters [14]. 

The system of equations for fiber balance: 

0 0

0
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2

sh
2

*( )

( )


 


 


l
u q L

a
L

u
a

    (1) 

where l is the span length, m; 0q is the gravity force referred to a unit of length of an unstretched 

wire/cable, N/m; 

0


H

a
q

is the ratio between the horizontal gravity force to the gravity force  

referred to a unit of length of an unstretched wire/cable; 𝛼∗is the specific relative elongation of 

cable/wire, N
-1

; 0L is the length of the unstretched wire/cable, m. 

To simplify further calculations, a variable 𝑢 is introduced [14]: 

4 2
ln tgu ( )

 
      (2) 

where  is the wire/cable tilt angle at the suspension point. 

Based on the system of equations of balance of the fiber balance, by means of exclusion of 𝑎 and 

expression,
 0L  we obtain the following expression for determining the length of an unstretched 

wire/cable at the current temperature: 
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0

0 *
0

- + 2 × ×sh( ) +
=





u l q u u
L

q
                     (3) 

Based on the fact that the length of the unstretched wire/cable is calculated according to its 

physicochemical characteristics at a temperature of 20 °C, it is necessary to take into account the 

change in the length of the unstretched wire/cable depending on the ambient temperature. In the 

formula listed above, the temperature dependence is observed for the parameter 0q since when the 

length of the wire/cable changes, its linear mass also changes. Therefore, the gravity referred to the 

unit length of the unstretched wire/cable will be equal to: 

0
0

1 0

=
1+β( - )

tq
q

t t
     (4) 

where 𝑞0𝑡  is the gravity force referred to the unit of length of the unstretched wire/cable (obtained 

by multiplying the gravity acceleration by the linear mass of the wire/cable taken from the 

handbook) [15]; 0t is the temperature of wire/cable fabrication, °C; 1t is the current temperature of 

wire/cable, °C; β  is the temperature coefficient of linear elongation, °C
-1

. 

A wire/cable has the lowest intrinsic stress in the absence of external forces acting on it at 

the temperature of its fabrication. Therefore, it is necessary to divide the current length of the 

unstretched wire/cable to the length of the unstretched wire/cable at the temperature of its 

fabrication: 

0
0

1 0

=
1+β( - )

t
L

L
t t

    (5) 

where 0L is the length of the unstretched wire/cable at current temperature, m; 0tL is the length of 

the unstretched wire/cable at the temperature of its fabrication, m. 
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To reduce the possible error, the parameter 
 0tL should be averaged over the entire 

calibration period (overhead line operation time without IRD). 

To describe the rotation of the wire/cable, a rope model should be considered [16]. 

At the ends of the rod span, the wires/cable are rigidly connected to each other and 

therefore receive the same end displacements, which means that in any section of the wire/cable 

along the length, all wires receive the same displacements. This means that due to the 

compatibility of the elastic displacements of the wire layers, despite the contact pressure between 

them, the internal friction forces can be neglected. 

Thus, we obtain a generalized equation of static wire/cable: 

 = ×ε + ×θ
= ×ε + ×θ

T A C
M C B

    (6) 

where T is the gravity of wire/cable; M is the cross-section torque of wire/cable; A , B , C , are the 

generalized wire/cable stiffness factors; 

0

0

-
ε =

ds ds

ds
where𝑠 ds is the longitudinal displacement of rods when the length of the wire/cable   

0ds changes; ε is the longitudinal deformation in the rod of wire/cable; θ is the angular 

deformation in the rod of wire/cable, 

0

θ =
d

ds
, where d is the angular displacement in rods w 

when the length of the wire/cable 𝑠0 changes.  

The generalized equation of wire/cable statics gives a complete description of its aggregate 

mechanical properties during tension and torsion. For a mechanical system, the number of degrees 

of freedom is equal to the number of joint equations describing its displacements under the 

influence of an external load. For a wire/cable, we have a system of two equations. Therefore, it 

acts as a system with two degrees of freedom, that is, all its mechanical properties are similar to 

that for an elastic system with two degrees of freedom. 

To do this, we consider the main special cases of load on the wire/cable: pure tension and free 

tension. 

Pure tension is observed when the wire/cable is stretched by force 𝑇 when its ends are fixed 

from rotation ( θ 0 ).This mode of mechanical loads is characteristic for the operation of the 

wire/cable in the spans with bushings. In this case, the following relations are obtained: 

 = ×ε
= ×ε

T A
M C

     (7) 

From the first equation it follows that the coefficient A is the elastic modulus of the 

wire/cable. 

If in case of pure tension, one removes the securing of the second end of the wire/cable 

from rotation, then the wire/cable under the action of internal torque will unwind. This mode of 

mechanical loads is characteristic for the operation of the wire/cable in the spans with one passage 

and one anchor support. The external moment is zero ( = 0M ) This type of load is called free 

stretching. 

Moreover, we obtain the following equalities: 

 
2 ×

= ( - )×ε = ( - )×θ.
C A B

T A C
B C

  (8) 

The factor before 𝜀 characterizes the longitudinal displacement of the rods, and the factor 

before θ characterizes the angular displacement of the wires in the wire/cable. Based on this, we 

obtain the following equation for the dependence of the extension of the wire/cable on the angle of 

rotation around its axis, which is then simplified by dividing both parts by 0ds and independently 

integrating both parts of the expression: 
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2 ×
( - )× = ( - )× Δ = Δ  

C A B B
A ds C d L

B C C
    (9) 

where ΔL is the change in length of wire/cable;Δ is the change in the rotation angle of the 

wire/cable around its axis. 

To calculate the elongation of the wire/cable, we use the formula from the hyperbolic 

model of wire calculation [17] 

.
 *

*
0 0 0Δ = × l + ch( ) - × × .

2
( )

  
 

L a q L u a q     (10) 

Thus, the identity in formula (9) takes the following form: 

* *
0 0 0

1 0

× l + ch( ) - × ×
( - ) =

2

( )  
  

ta q L u a qB

C
   (11) 

where 1 is the angle of rotation of the wire/cable around its axis at current mechanical loads on 

the wire/cable and the ambient temperature before IRD appearance; 0 is the initial angle of 

rotation of the wire/cable around its axis until the appearance of the IRD. 

In expression (11), the coefficient of the ratio of horizontal gravity to gravity, referred to 

the unit length of the unstretched wire/cable, is determined as follows: 

0=
2sh( )

L
a

u
     (12) 

From formula (11) we take 𝜑0 
and calculate it at the current temperature. At the same time, 

one should not forget to correct the gravity referred to the unit length of the unstretched wire/cable 

to its current temperature in accordance with formula (4). 

To reduce the possible error in determining the initial angle of rotation of the wire/cable 

around its axis, the parameter 𝜑0 
should be averaged over the entire calibration period (the period 

of overhead line operation without IRD). 

Thus, the calibration step ends when determining the initial angle of rotation of the 

wire/cable around its axis, as well as the length of the unstretched wire/cable at its temperature of 

fabrication. 

The stage of determining mechanical loads on an overhead power line by the 

improved inclinometry method 

When the preconditions for the IRD formation (humidity above 80%, the temperature of the 

wire/cable is in the range from 0 to -5 °C) appear, the system for determining mechanical loads 

switches to control mode. 

The simplification variable 𝑢 is calculated by the formula (2) at the inclination angles of the 

wire/cable for cases of rapid increase in mechanical loads on the wire/cable (for example, the 

formation of IRD). 

Next, the length of the unstretched wire/cable is calculated at the current temperature in 

relation to the length of the unstretched wire/cable at the temperature of its fabrication in 

accordance with formula (5): 

0 0 1 0= 1+β( - )( )g tL L t t      (13) 

In formula (11), we replace 0×a q with 𝐻 and express the horizontal tension force of the 

wire/cable: 

* * 2 2 * 2
0 0 0 1 0

*
0

l + ×ch( ) - ( ) l + ×ch( ) -8( ) ( - )

=
2

( ) ( )    
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L u L u L
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   (14) 

As a result, we find the gravity of the wire/cable: 
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= ×ch( )T H u         (15) 

For an overhead power line, it is the wire/cable tension parameter that is critical in terms of 

mechanical stress. Therefore, the process of determining mechanical loads on an overhead power 

line can be completed at this stage. 

Results and discussion 

The data obtained from monitoring systems include the error of the measuring sensors. 

Thus, the developed system for monitoring mechanical loads on a wire/cable has instrumental and 

methodological errors. 

Instrumental errors include deviations of sensor readings. For this model, the following data 

is required: the angle of rotation of the wire/cable around its axis, the angle of inclination of the 

wire/cable and the temperature of the wire/cable. The maximum deviations in the readings of the 

sensors in the range of formation of ice deposits (from -20 to 0 °C, from 70 to 100% of relative 

humidity) are: ± 0.2 ° C for temperature; 0.0039 rad along the axes X and Y. 

To test the method for determining the mechanical loads on the wires/cables of overhead 

lines, we calculated the steel lightning protection cable S-50 for an anchor span of 50 meters in 

length, where conditions for free rotation of the lightning cable under consideration appear. The 

length of the unstretched cable 𝐿0𝑡  
was taken equal to 50.1 m. The stiffness factors A=9.196·10

6
  

N, B=6.521 N·m
2
 and C=5.994·10

3
 N·m for the S-50 cable were taken from the table of the book 

“Steel hoisting ropes "[16] for the type of strand 1+6+12. In addition, the following S-50 cable 

parameters were used: β = 12·10
-6

 °C
-1

, 0q =4.094 N/m; 0 =0º. 

As parameters for calculation mechanical loads on overhead power lines, the conditions for 

operating the overhead line at a temperature of -5 °C without IRD on the cable, as well as in the 

presence of an IRD with a diameter of up to 40 mm, were selected
1
 [18]. 

The load from ice formations on the cable was calculated by the following formula 

0 cab 0= ×9,8× × ×( + )×g g gT q c d c L       (16) 

where  0gq is the IRD density (900 kg/m
3
); c is the thickness of the icy socket, m (𝑐 

=0.01545 m); cabd is the wire diameter, m (for S-50 cabd = 0.0091 m). 

Thus, the load from an IRD with a diameter of 40 mm on the S-50 cable at a 

temperature of -5 °C is 526.6 N. 

In the absence of IRD on the cable, the angle of rotation of the cable around its axis is 

3.452 rad, and the angle of inclination of the cable is 0.103 rad. When an icy socket with a 

diameter of 40 mm appears on the cable, the rotation angle of the cable  around its axis is 

101.984 rad, and the angle of inclination of the cable is 0.153 rad. 

Based on formulas (14) and (15), we find the value of the tension force of the 

wire/cable: 

2
0 0 0 1 0

*
0

+ ×ch( ) - l + ×ch( ) -8 ( - )

=
2 ×cos( )

(l ) ( )g g g

g

B
L u L u L

C
T

L

 

 
  (17) 

The resulting dependence of the obtained tension force of the cable on the angle of its 

rotation shown in the figure. 

The tension strength of the wire/cable depends on 3 parameters: the angle of rotation of the 

wire/cable around its axis, the angle of inclination of the wire/cable and the temperature of the 

wire/cable. Therefore, when calculating the error, it is necessary to take into account the influence 

                                                           

1 PUE. 7-nd. Pt. 2.5. Vozdushnye linii elektroperedachi napryazheniem vyshe 1 kV. M.: OAO «VNIIE», 

2003. Available at: https://www.ruscable.ru/info/pue/2-5.html. 
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of these parameters on the result of calculating the tensile strength of the wire/cable: 

Δ = Δ + Δ + Δ
α

 
dT dT dT

T t
df d dt

       (18) 

where Δt Is the deviations in the readings of the temperature sensor in the range of ice formation. 

The error of the developed method [18] was analyzed by comparing it with the previously 

developed method for monitoring ice on the wires of an overhead power line. The algorithm for 

calculating the error of the previously developed methodology is described in detail in the 

dissertation “System for the automated monitoring of ice deposits of overhead power lines based 

on the inclinometry-meteorological method” [19]. 

 
Fig. Relationship between the tension force of the cable and the rotation angle  

 

For the conditions described earlier in this article when calculating the mechanical loads on 

the S-50 cable, the error of the developed method (taking into account the angle of rotation of the 

wire/cable around its axis) and the method developed earlier (excluding the rotation of the 

wire/cable around its axis), amounted to 0.46% (1.27 N) against 42.6% (118 N) with a minimum 

load and 0.04% (3.55 N) against 2.2% (183.94 N) when an icy socket with a 40 mm diameter 

appeared on the cable, respectively. 

A comparison of the classical inclinometry and the developed methodology, taking into 

account the rotation of the wire/cable, is used as an example for calculating the S-50 by such 

characteristics as sensitivity and errors, in the range of operation from the minimum load to the 

load when an ice- socket with a diameter of 40 mm is formed on the cable is presented in the 

table. 

Table 

Comparison of the classic and developed methods that take into account the rotation of the cable 

Characteristics Classic Developed 

Temperature sensitivity, N/ºС 45 0. 05 

Inclination angle sensitivity, N/deg 2230 ÷ 3375 4 ÷ 17 

Rotation angle sensitivity, N/deg No 1. 4 

Error of the method, % 2. 2 ÷ 42.6 0. 04 ÷ 0. 46 

 

Thus, the developed method for control the mechanical parameters of overhead power 

lines, taking into account the rotation of the wire/cable around its axis, is more accurate than the 

IRD determination method developed previously [21]. However, in practice, it is possible to use 

this technique based on the improved inclinometry method for the rotation angles of the wire/cable 

up to 180 º, which is due to structural limitations of the rotation of the wire/cable when attaching it 

to the support. In this case, the initial angle of rotation of the wire/cable is taken equal to 0º 
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degrees when the tension force of the wire/cable is close to the mounting one and at the 

temperature of this wire/cable fabrication. Thus, the diameter of the ice-clutch for calculating the 

S-50 ground wire in this article should not exceed 12.5 mm and is made only for flights with one 

anchor support. 

Conclusions 

A method has been developed for determining mechanical loads on wires/cables of 

overhead lines based on mathematical models of ideal cable, rope and a model for determining ice 

deposits on wires [15–17,20], taking into account the rotation of the wire/cable around its axis. 

This method allows more accurate determining the elongation of the wire/cable in the span with 

one anchor support, as well as the its tension force, however, it requires additional refinement 

related to the influence of the wind, the formation of IRD of various shapes, as well as structural 

limitations of the rotation of the wire/cable when attaching it to the support. The implementation 

of this technique will allow monitoring the mechanical parameters of wires/cables, as well as 

identifying areas with the formation of IRD in the early stages in order to prevent related 

emergencies. 

The methodology for monitoring the mechanical parameters of overhead power lines based 

on the improved inclinometry method is the result of studies described in [17, 20]. For the 

practical implementation of the method, a technical solution was developed in the form of a 

measuring device for monitoring the mechanical parameters of an overhead power line [21]. 

The developed methodology for determining the mechanical loads on the wires/cables of 

overhead lines and the mathematical model are tested on the SMG-16 system, which was put into 

trial operation at PJSC Tatneft. 

 

References Литература 

1 Bokov G. Tekhnicheskoe perevooruzhenie 

rossijskih elektricheskih setej. Skol'ko eto mozhet 

stoit'?.Novosti Elektrotekhniki 2002;24(2).(In Russ). 

2. Sacuk EI. Programmno-tekhnicheskie sredstva 

monitoringa vozdushnyh linij elektroperedachi i 

upravleniya energosistemoj v ekstremal'nyh 

pogodnyh usloviyah. [dissertation]. Novocherkassk, 

2011.Available 

at:https://www.dissercat.com/content/programmno-

tekhnicheskie-sredstva-monitoringa-vozdushnykh-

linii-elektroperedachi-i-upravleni.Accessed: 26 May 

2011. (In Russ). 

3.Titov DE., Soshinov AG., Shewchenko NJ. 

Thermodynamic method of glaze ice monitoring on 

air lines wires. Applied Mechanics and Materials.  

Trans Tech Publications. 2015; (698):803-807. (In 

Russ). 

4. Kostikov I. Sistema monitoringa «SAT-1» – 

effektivnaya zashchita VLEP ot gololyoda. Available 

at: 

http://www.ruscable.ru/article/sistema_monitoringa_

sat_1_effektivnaya_zashhita. Accessed: 25 Jan 2018. 

(In Russ). 

5 Panasenko MV. Analiticheskij obzor sposobov i 

ustrojstv monitoringa promezhutochnogo proleta 

vozdushnoj linii elektroperedachi. Mezhdunarodnyj 

zhurnal prikladnyh i fundamental'nyh issledovanij. 

1. Боков Г. Техническое перевооружение 

российских электрических сетей. Сколько это 

может стоить? // Новости Электротехники. 2002. 

№2(14). 

2.Сацук Е.И. Программно-технические средства 

мониторинга воздушных линий электропередачи 

и управления энергосистемой в экстремальных 

погодных условиях.: Дис. … д-ра техн. наук. 

Новочеркасск,2011.Доступно по: 

https://www.dissercat.com/content/programmno-

tekhnicheskie-sredstva-monitoringa-vozdushnykh-

linii-elektroperedachi-i-upravleni. Ссылка активна 

на:26 мая 2011. 

3.Titov D. E., Soshinov . G., Shewchenko N. J. 

Thermodynamic method of glaze ice monitoring on 

air lines wires //Applied Mechanics and Materials. – 

Trans Tech Publications, 2015; (698):803-807. 

4. Костиков И. Система мониторинга «САТ-1» – 

эффективная защита ВЛЭП от гололѐда. 

Доступно 

по:URL:http://www.ruscable.ru/article/sistema_moni

toringa_sat_1_effektivnaya_zashhita/.Ссылка 

активна на:25 янв. 2018. 

5.Панасенко М.В. Аналитический обзор способов 

и устройств мониторинга промежуточного 

пролета воздушной линии электропередачи // 

Международный журнал прикладных и 

https://www.dissercat.com/content/programmno-tekhnicheskie-sredstva-monitoringa-vozdushnykh-linii-elektroperedachi-i-upravleni
https://www.dissercat.com/content/programmno-tekhnicheskie-sredstva-monitoringa-vozdushnykh-linii-elektroperedachi-i-upravleni
https://www.dissercat.com/content/programmno-tekhnicheskie-sredstva-monitoringa-vozdushnykh-linii-elektroperedachi-i-upravleni


© М.П. Горячев, М.Ф.Садыков, Д.А. Ярославский 

170 

2014; 11. Pt. 4. pp 572 - 576. (In Russ). 

6. Otto T. et al. Integrated Microsystems for Smart 

Applications. Sensors and Materials. 2018; 

30(4):767-778. 

7. Lindsey KE, Spillane PE, An-Chyun W. Dynamic 

real time transmission line monitor and method of 

monitoring a transmission line using the same 

.PATENT USA. №15725207.2018.Available 

at:http://lindsey-usa.com/wp-

content/uploads/2015/10/11F-001-TLM-8-2014. 

8. Yaroslavsky DA., Sadykov MF. Razrabotka 

ustrojstva dlya sistemy monitoringa i 

kolichestvennogo kontrolya gololyodoobrazovaniya 

na vozdushnyh liniyah elektroperedachi Proceeding 

of the higher educational institutions. ENERGY 

SECTOR PROBLEMS. 2017; 19(3-4): 69–79. (In 

Russ). doi.org/10.30724/1998-9903-2017-19-3-4-69-

79. 

9. DiLin - a system for monitoring the presence of 

ice on the wires of overhead lines. Available at: 

URL: https://dimrus.ru/dilin.html / Accessed: 25 Jan. 

2018. (In Russ). 

10. Rui X, Ji K. and McClure G. Dynamic response 

of overhead transmission lines with eccentric ice 

deposits following shock loads IEEE Transactions 

on Power Delivery. 2017; 32(3):1287-1294. 

doi:10.1109/tpwrd.2015.2501029. 

11. Minullin RG., Kasimov VA, Filimonova TK, et 

al. Lokacionnoe obnaruzhenie gololyoda na 

vozdushnyh liniyah elektroperedachi.Pt1. Sposoby 

obnaruzheniya gololyoda. Nauchno-tekhnicheskie 

vedomosti SPbGPU. Informatika. 

Telekommunikacii. Upravlenie .2014; 2(193):61 - 

73. (In Russ). 

12. Minullin RG., Kasimov VA, Yarullin MR. 

Opredelenie tolshchiny ledyanyh otlozhenij na 

provodnikah vozdushnyh linij elektroperedachi 

metodom opredeleniya mestopolozheniya .Trudy 

Mezhdunarodnogo seminara po atmosfernomu 

obledeneniyu konstrukcii . Кazan , Russia. 2015. P. 

101. (In Russ). 

13Boshnyakovich AD. Mekhanicheskij raschet 

provodov i trosov linij elektroperedachi. M.-L.: 

Gosenergoizdat 1962. (In Russ). 

14. Merkin DR. Vvedenie v mekhaniku gibkoj niti. 

M.: Nauka. Glavnaya redakciya fiziko-

matematicheskoj literatury. 1980. (In Russ). 

15. Kesel'man LM. Osnovy mekhaniki vozdushnyh 

linij elektroperedachi .M.: Energoatomizdat, 

1992.(In Russ). 

16.Glushko MF. Stal'nye pod"emnye kanaty. K.: 

фундаментальных исследований. 2014. № 11. Ч.4. 

С. 572-5766. 

6. Otto T. et al. Integrated Microsystems for Smart 

Applications //Sensors and Materials. 2018. Vol. 30. 

N 4.pp 767-778. 

7.Lindsey K.E., Spillane P.E., An-Chyun W. 

Dynamic real time transmission line monitor and 

method of monitoring a transmission line using the 

same : заяв. пат. 15725207 США. 2018. Доступно 

по: at:http://lindsey-usa.com/wp-

content/uploads/2015/10/11F-001-TLM-8-2014. 

8. Ярославский Д.А., Садыков М.Ф. Разработка 

устройства для системы мониторинга и 

количественного контроля гололѐдообразования 

на воздушных линиях электропередачи 

//Известия высших учебных заведений. 

ПРОБЛЕМЫ ЭНЕРГЕТИКИ. 2017. Т.19. №. 3-4. 

С 69–79. 

9.DiLin – система контроля наличия гололеда на 

проводах воздушных линий. Доступно по URL: 

https://dimrus.ru/dilin.html .Ссылка активна на :25 

янв. 2018. 

10. Rui X., Ji K. and McClure G. Dynamic response 

of overhead transmission lines with eccentric ice 

deposits following shock loads //IEEE Transactions 

on Power Delivery. 2017.Vol. 32,N 3.pp.1287-1294. 

11. Минуллин Р.Г., В.А. Касимов., Т.К. 

Филимонова., и др. Локационное обнаружение 

гололѐда на воздушных линиях электропередачи. 

Ч.1. Способы обнаружения гололѐда // Научно-

технические ведомости СПбГПУ. Информатика. 

Телекоммуникации. Управление.2014. № 2 (193). 

С. 61 – 73. 

12 Минуллин Р.Г, Касимов В.А, Яруллин М.Р. 
Определение толщины ледяных отложений на 

проводниках воздушных линий электропередачи 

методом определения местоположения // Труды 

Международного семинара по атмосферному 

обледенению конструкции 2015.С. 101. 

13. Бошнякович А.Д.. Механический расчет 

проводов и тросов линий электропередачи. М.-Л.: 

Госэнергоиздат, 1962. 254 с. 

14.Меркин Д.Р. Введение в механику гибкой 

нити. М.: Наука. Главная редакция физико-

математической литературы, 1980. 240 с. 

15.Кесельман Л.М. Основы механики воздушных 

линий электропередачи //М.: Энергоатомиздат, 

1992. 352 с. 

16.Глушко М.Ф. Стальные подъемные канаты. К.: 

Техніка, 1966. 

17. Горячев М.П, Ярославский Д.А, Садыков 



Проблемы энергетики, 2019, том 21, № 3 

171 

Tekhnіka, 1966. (In Russ). 

17. Goryachev МP, Yaroslavsky DA, Sadykov МF,et 

al. Metodika kontrolya ledyanogo pokrytiya na 

vozdushnyh liniyah elektroperedachi s uchetom 

smeshcheniya s ispol'zovaniem datchikov 

besprovodnyh kanalov svyazi 2017;12(22):6479-

6482. (In Russ). 

18 Dushin EM. Osnovy metrologii i elektricheskie 

izmereniya 6nd ed. L.: Energoatomizdat. 1987. 

(InRuss). 

19. Yaroslavskij DA. Sistema avtomatizirovannogo 

monitoringa gololednyh otlozhenij vozdushnyh linij 

elektroperedach na osnove inklinometrichesko-

meteorologicheskogo metoda: Kazan;2017.Available 

at: https://www.dissercat.com/content/povyshenie-

nadezhnosti-selskikh-vozdushnykh-linii-

elektroperedachi-10-6-kv-v-usloviyakh-vozd 

[dissertation]. Accessed: 5 Nov 2017. (In Russ). 

20 Sadykov MF., Goryachev MP., Yaroslavskij DA., 

Ivanov DA, Koryshkin IM. Ustrojstvo operativnogo 

monitoringa tekhnicheskogo sostoyaniya 

vysokovol'tnyh linij elektroperedachi Patent 

RUS.№185311.30.05.2018. Byul № 

2018120028.Available at : Deliverability 2015–2018. 

Accessed: 29 Nov 2018 (In Russ). 

М.Ф, и др. // Методика контроля ледяного 

покрытия на воздушных линиях электропередачи 

с учетом смещения с использованием датчиков 

беспроводных каналов связи 2017. №12.(22). С. 

6479-6482. 

18. Душин Е.М. Основы метрологии и 

электрические измерения ./Под общей редакцией. 

Душина Е. М..6-е изд., перераб. и доп. Л.: 

Энергоатомиздат, 1987. 51–56 с. 

19.шЯрославский Д.А. Система 

автоматизированного мониторинга гололедных 

отложений воздушных линий электропередач на 

основе инклинометрическо-метеорологического 

метода.: Дис. ... канд. техн. наук:. Казань, 2017. 

Доступно по: 
https://www.dissercat.com/content/povyshenie-

nadezhnosti-selskikh-vozdushnykh-linii-

elektroperedachi-10-6-kv-v-usloviyakh-vozd 

Ссылка активна на 5ноября.2013. 

20.Садыков М.Ф., Горячев М.П., Ярославский 

Д.А., Иванов Д.А, Корышкин И.М. Устройство 

оперативного мониторинга технического 

состояния высоковольтных линий 

электропередачи Патент РФ.№185311. 

30.05.2018. Бюл № 2018120028..Доступно по 

:Deliverability 2015–2018. Ссылка активна на: 29 

ноября 2018. 

 

Authors of the publication 

 

Mikhail P. Goryachev –Department “Theoretical basics of Electrotechnics” of Kazan State Power 

Engineering University. E-mail: goryachev91@mail.ru. 

 

Marat F. Sadykov – Head of Departament “Theoretical basics of Electrotechnics” of Kazan State Power 

Engineering University. E-mail: s-marik@yandex.ru; sadykov@kgeu.ru. 

 

Danil A. Yaroslavskiy – Department “Theoretical basics of Electrotechnics” of Kazan State Power 

Engineering University. 

 

Received             April 25, 2019 


